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Our Proposal

B Create a pool of Compton suppressed clover detectors from laboratories in
Japan and U.S. which can be assembled at RIKEN to be utilized in gamma-
ray spectroscopy measurements using both energy degraded
(<10MeV/nucleon) and stopped beams of exotic nuclei. This spectrometer
would be competitive with clover arrays at ORNL, Ganil, Triumf and
IThemba — requires and array ~16 CSClovers.

B Physics
— Multi-Step Coulomb excitation — degree of collectivity
— Unsafe Coulex, Deep Inelastic Collisions — level structure
— Fusion Evaporation — high spin
— Stopped beams — isomers, beta decay,

M Electronics — construct self contained, triggerless acquisition system,
instrumented for 20 clover detectors using Gretina digitizers.
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The FOA Process

B Phase | — submit pre-application describing the proposed project
and its objectives (June, 2008)

B Proposal accepted and collaboration encouraged to submit full
proposal (August 2008)

B \Workshop held at ANL to discuss full proposal — Dec. 4-5, 2008.
B Phase |l — full proposal, submitted 18-December-2008.

B FRIB sited at MSU — December, 2008.

B Qutcome of FOA - unknown.
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Japanese Support

;\”‘- Graduate School of Science
sl University of Tokyn

Center for Nuclear Study (CNS)

D, Michael P, Carpesier Bodany 30, HHE
Argomne Mational Laboratory

Argomne, IL 60438

UsA

Drear Dr. Caspenter,

Wi are excited by the prospect of hosting the Compion Suppressed Ge Clover Amay st
RIKEN Radiogciive lon Besm Facilite (RIBF).

Simce RIBF will offer word-unique capabilities with providing extensive spacics of Rl
beams of highest inbamitics. il will open enonmous phisice: opporinitics. Shadics
ulilizing gamina-ray apeciioscopy will eontinue 1o pley an impanant e ot RIBF in
onder to probe nuclenr strucrores of exotic moclei. Especizlly the use of stopped and
slvwed BRI heams allows for expanding the detailed spectroscopic shadies to new region
of nuclear chart employving o vanety of experimental techmigues establishod with low-
energy sable beam The Complon supprissed Ge Clover Array will be most fined 1
thise experiments with sopped and slowed BRI bam, Thiss sch an Ge army combined
with RIBF will definisely give us new science oppomunities, especially in the field of
meclear structure phiysics via gamma-ruy speciroscopy.

CMS (Center Tor Muclaar Sudy, Usiversity of Tokye) has Wako bmnch inside RIKEN
camgng, It his been taking an inftiative im the high-resoluison gamma-rey speciroscopy
using Gie deteciors. We hove been developing energy degrasded beams 1o perform detailed
SAmMMi-ray spectrosoopy in exotic nuclei. TS is also aking 2 primary role in organieing
Japame=e Gamma-Ray Spectroscopy Associstion whene | have bein scting a5 & char,
Having these ressanch hackgrounds, wie are glad 1o be a Japaness st mnstitudion i the
witernatiemal collaboration for Facilitating operations and progresses of the join project at
RIKEN RIBF. We eamnestly hope thet the collaboration will be productive to both sides
and uniie phaysicists in the field of mclear struchare shadies in Japan and United Stales for
o common goal of scientific discovery and understanding.

Simceruly Yours,

il
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Eiji Ideguchi
Cgnter For Muclear Sudy, Urdversity of Takvn

Dr. Michael B. Carpenter May 30, 2008
Argonne Mational Laboratory

Argonne, IL 60439

UsA

Diear Dir. Carpenter,

We are very much imterested m hosting the research program for puclear spectroscopy

with stopped and enerpy-degraded BI beams at the RIKEN Radisactive Isotope Beam

Factory (FIEF) with Compion suppressed Ge clover amay, in smong collaboration with
CME (Center for Nuclear Study, University of Tokyo).

RIEEX FIBF will have unique capabilities in providing beams of a wide range of
nnstable nucled (BRI beams) aither by the frazmentadon of heavy ion beams or the in-flight
fission of uranivm beams with enerzzes of up to 345 MeV/mucleon. Development of
stopped and epeTpy-degraded beams mipht expand mach the research opporumities. In
combmation with the capabilites of Compton suppressed Ge clower detectors,
speciroscopic studies guite unique in the world could be performed. Collaborations
etwesn scientists from the United State, Japan and pessily other countries would
further devalop our soientific knowladze.

We are very much grad 1o work with your groap and other collaborators fo establish an
extansive research program.
Sincerely ‘:’n;.]rs.
-
=

Tohru Motobayashi
Chief Scientist, RIKEN Nishina Center (BINC)
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Current list of Collaborators

USA
B ANL — M.P. Carpenter, R.V.F. Janssens, C.J. Lister, D. Seweryniak, T.L. Khoo,
T. Lauritsen, S. Zhu, F. Kondev, L. McCutchan, C. Chiara
B LBNL — P. Fallon, R. Clark, A. Machiavelli
B ORNL - D. Radford, C.H. Yu
B FSU - S. Tabor, M. Riley, |. Weidenhover
B Yale — R. Casten, V. Werner
B Richmond — C. Beausang
B Wash U. - W. Reviol, D. Sarantities
B Notre Dame — U. Garg
B Naval Academy — D. Hartley
B Miss. State — W. Ma
Japan
B CNS, Univ. of Tokyo - E. Ideguchi, S. Shimoura
B RIKEN — N. Aoi, T. Motobayashi, H. Watanabe, S.i Nishimura
B Tohoku University - T. Koike, T. Shinozuka, H. Tamura
B Kyusha University — T. Morikawa
B Tokyo University of Science — T. Sumikama




Expected secondary beam intensities with
primary beam at 1puA
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Gamma ray arrays @ RIKEN

GRAPE - Position sensitive Ge DALI2 — 160 Nal detectors,
planer array ~5% photopeak ~20% photopeak efficiency
efficiency.

Both arrays optimized for fast beams.
Gretina would be U.S. Alternative to Grape
(large efficiency, tracking, Compton Suppression)
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Doppler Correction with Energy Degraded beam
(E. Ideguchi et al., RIPS and GRAPE)

Y -ray energy spectrum before Doppler correction '™
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Simulations for Degraded beams at BIGRIPS
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Figure 8: Beam profile and energy distribution at F 7 obtained from the MOCADI simulation.
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Slow Beam Arrays
Gammasphere

« ~10% photopeak efficiency
* Peak/Total ®°Co ~55%
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 Gretina is roughly equivalent to
Gammasphere with regards to
expected performance for slow
beams— earliest availability 2014.

Alternative: Clover Array
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Clover Detectors

 Large efficiency > 100% (relative to 3"x3” Nal)

* 4 crystals provide granularity for improved Doppler
reconstruction — advantageous for angular coorelations.

« Segmentation of outer contact provides additional
segmentation.

 Clovers can be surrounded by anti-Compton shields.
« Can operate as a polarimeter.
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Available Clovers from the collaboration.
Institution Covers Segmented Shields

ANL 5 No No
LBNL 5 Yes Yes
ORNL 10 Yes Yes

Yale 10 No Yes

FSU 3 Yes Yes

Richmond 1 Yes Yes
USNA 1 Yes Yes
RIKEN 5 No No

Tohoku 6 Yes Yes
Total 46

Fact: U.S. Clovers play a major role in the experimental program at home
institution.

Goal: Provide 16 Clover detectors for 3-4 campaigns of 3-4 month duration
at RIBF.

Reality: Will require long term coordination between institutions.
Good News: Pool is oversubscribed by nearly 4 times.
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Infrastructure (self contained system).

B Electronics and DAQ

— Utilize Gretina digitizers (~$400/ch) and perform
8ompton suppression in FPGA (under development for
larion)

— Gretina Triggering modules (J. Anderson — ANL)
— Online display and monitoring (GSSORT)
B H.V. - commercial units.

M Liquid Nitrogen fill system — duplicate GRETINA system (D.
Radford ORNL)

H Cables
B Frame
— Design
— Fabrication (University shop?)
— How many? (2 would be ideal )
B Computers (slow control, data storage, online monitoring)




Cost Estimate from Proposal

Table 3: Break down of project costs

Tvpe Description Cost
Man-power |Engineering design effort (mechanical frame) $80.000
Electronics Engineering effort $75.000
Equipment |Support Frame $60.000
LN fill system $70.000
Data acquisition system. 20 Gretina digitizer boards. 3 $165.000
VME crates, 3 VME processors. 3 trigger modules, signal
cables
HV mainframes and HV cables $35.000
2 Linux based computers, 1 laptop $6.000
Travel 6 man/weeks per campaign for setup and dismantling $48.000
Operations |Detector Repair and Maintenance $50.000
Total $719.000
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Schedule

B Need development time for degraded beam from 350 MeV/A to 5
MeV/A.

B Depending on how rapidly we could move — up to four campaigns
between 2010-2014 separated by 15 months /.e. 3 months on 12
months off.

M The proposed budget gets us into 2014.

@ Once the infrastructure is built — campaigns at U.S. Based facilities
would also be possible (ORNL, LBNL, Yale, MSU).
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Some Physics at the end

Unsafe Coulex is powerful technique to study deformed nuclei

agonne ™ K. Abu Saleem, Ph D. Thesis, Argonn



Study of excited states allows a fuller picture
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Physics scope highlighted in proposal

B [sland of Inversion — shape coexistence

B Deformed shell gaps in vicinity of “Ca — 4p4h & 8p8h (*°Ca)
B Neutron rich A~100 region — shape coexistence (CARIBU)
B Octupole collectivity in neutron rich Ba region (CARIBU)

B Evolution of deformation around “doubly mid-shell” 17°Dy.

B Stopped beams — isomers in '32Sn region.
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32Mg is a good case for this array.

Expected beam intensities for 2009 (pnA)

Isotope
Now

April 2009 200

32Mg

*Ca Kr Xe
30-50 30-50 5-10
100 20
*Ca Kr
5.4e5 2.0e3

1.2e2

U(frag)
6.2¢e2

U(fiss
2.0¢e’

Table 2: Expected vields in particles/sec at the BIGRIPS focal plane for neutron-rich Mg
isotopes following the fragmentation at 350MeV/A of 200pnA *Ca.

Mg

SEMg

33]"*‘1_2

6.2x107

5.4x10°

8.4x10*
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Status and Outlook

® Waiting for FOA decision
B A negative decision on funding should not kill project.

B Need to begin to seriously about short and long term
collaboration.
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